1. A single glucose meal stimulated the incorporation of acetate into fatty acids in liver slices. If the glucose was added in vitro, it had no effect. Fructose and glycerol in vitro markedly stimulated fatty acid synthesis from acetate. Fructose and glycerol probably by-passed a rate-controlling reaction between glucose and triose phosphate. This reaction may have been stimulated by glucose administered in vivo. 2. The stimulation of fatty acid synthesis caused by fructose did not require the synthesis of enzyme, thus indicating that fatty acid-synthesizing enzymes were present in a latent form in the livers from unfed chicks.
Hepatic lipogenesis is stimulated when newly hatched chicks are fed on a normal high-carbohydrate poultry diet (Goodridge, 1968a) . The initial stage of this stimnulation can be duplicated by force-feeding with glucose (Goodridge, 1968b) . The experiments described in the present paper were designed to determine the mechanism of the initial stimulation of lipogenesis caused by feeding with glucose.
MATERIALS AND METHODS
Unincubated embryonated eggs from White Leghorn chickens were incubated in an electric forced-draught incubator at 37.5±0.50C and 60% relative humidity. All experiments were performed on 1-day-old chicks. Sugar solutions (2ml, 20% w/v) were introduced directly into the cardiac stomach of unanaesthetized chicks with a syringe equipped with a length of polyethylene tubing.
The birds were returned to the incubator after administration of the test substance. No food or water was available at any time.
Liver slices were prepared with a Stadie-Riggs microtome and incubated for lh in a modified Krebs-Ringer bicarbonate buffer (Goodridge, 1968a) . The isolation and radioassay of total fatty acids and CO2 was essentially as previously described (Goodridge, 1968a) . When [1-14C]-acetate was the substrate, CO2 was collected in 0.4ml of 5M-NaOH. Ba(CO3)2 was precipitated from the NaOH by adding 1 ml of 4.8% (w/v) BaCI2 and ml of 10.8% (w/v) NH4Cl. The Ba(CO3)2 precipitate was washed with 40% (v/v) ethanol and collected by centrifugation in a 12in1 centrifuge tube. The wash was discarded and the tubes were then sealed with serum stoppers fitted with disposable polyethylene centre wells (Kontes Glass Inc., Vineland, N.J., U.S.A.). CO2 was regenerated from the Ba(CO3)2 by injecting 1 ml of6M-HCI into the tube through the serum stopper. CO2 was collected in 0.4ml of 1 MHyamine hydroxide (Amersham-Searle Corp., Des Plaines, Ill., U.S.A.) and its radioactivity was measured in a Nuclear-Chicago (Des Plaines, Ill., U.S.A.) Model Unilux II liquid-scintillation spectrometer (Goodridge, 1968a) . This procedure resulted in the recovery of more than 90% of H14CO3-added directly to the incubation medium.
Protein synthesis was determined by measuring the incorporation of L-[4,5-3H]leucine into tota Iliver protein.
The incubation conditions were identical with those described above except that approx. 2,uCi of L-[4,5_3H]-leucine (specific radioactivity 6OCi/mmol) was added to each flask. Protein was isolated from the liver slices by the method of Wool & Moyer (1964) . The isolated protein was dissolved in 90% (w/v) formic acid. Portions (0.1 ml) were added to 15ml of toluene-methanol (4: 1, v/v) scintillation fluid and their radioactivity measured (Goodridge, 1968a) .
Total lipids were extracted by the method of Folch, Lees & Sloane-Stanley (1957) and fractionated by t.l.c. on Silica gel HF 254 (E. Merck A.-G., Darmstadt, Germany). The solvent was light petroleum (b.p. 30-60'C)-diethyl ether-formic acid (160:40:3, by vol.). Cholesteryl ester, triglyceride, fatty acid, diglyceride and phospholipid+ monoglyceride fractions were located by spraying the plates with 10% (w/v) I2 in methanol. The fractions were scraped from the plates and eluted from the silica gel with chloroform-methanol-formic acid (100:100:3, by vol.). Fatty acids were isolated and their radioactivity was measured after saponification of the fractions (Goodridge, 1968a) . Radioactivityinglycerolderivedfromtriglyceride was estimated by subtracting radioactivity in the fatty acids of triglycerides from radioactivity in the triglyceride fraction before saponification. Individual fatty acids of the triglyceride and phospholipid+monoglyceride fractions were identified and radioassayed by g.l.c. in a Barber-Coleman series 5000 instrument (Breckenridge & Kuksis, 1970) .
The amount of radioactivity in the carboxyl carbon of A. G. GOODRIDGE the fatty acids isolated from incubated liver slices was determined by using the Goldfine & Bloch (1961) Glycogen was isolated from pieces of liver frozen with clamps cooled in solid CO2 (Good, Kramer & Somogyi, 1933) . The precipitate was hydrolysed in 2M-HCI (100°C for 1 h). After neutralization with 1 m-NaOH the glucose concentration of a sample suitably diluted with water was determined with glucose oxidase (Glucostat; Worthington Biochemical Corp., Freehold, N.J., U.S.A.). (Siegel, 1956 (Table 1) . Therefore the activity of the enzyme acetate thiokinase probably was not limiting for fatty acid synthesis from acetate. Thus, in liver slices from glucose-fed birds, the availability of acetyl-CoA limited fatty acid synthesis.
The specificity of the effect of feeding glucose was indicated by the small or non-existent effects of feeding fructose or glycerol (Table 1 ). In both instances there was no stimulation of the conversion of glucose into CO2 or fatty acids in vitro and only a small stimulation of fatty acid synthesis from acetate. Glycogen deposition in the liver occurred in both cases ( Table 1 ), indicating that both substances were readily metabolized by liver.
Stimulation offatty acid synthesis in vitro. In an attempt to localize the metabolic step stimulated by glucose in vivo, glucose, fructose and glycerol were tested for their capacity to stimulate fatty acid synthesis in vitro. Fructose and glycerol stimulated fatty acid synthesis from acetate in liver slices from unfed birds; glucose did not ( Table 2) . Oxidation of acetate was unaffected by glucose and fructose and was decreased slightly by glycerol (Table 3 ). The increased fatty acid synthesis caused by supplementation of the medium with fructose or glycerol required the presence of acetate; without acetate the rate of fatty acid synthesis was unaffected by glucose, fructose or glycerol ( Table 2) .
The results of these experiments in vitro permit a partial localization of rate-controlling steps in the lipogenic pathway. Fructose and glycerol may be assumed to enter the metabolic pathway at the (7) 360±30 (7) 200±30 (7) 310±40 (7) 3H20 11±1 (7) 11±2 (13) 11±3 (7) 10±2 (7) 22±2 (7) 27±5 (7) 24±4 (7) 33±4 (6) (Herman & Zakim, 1968 Glucose-fed 3450±350 (4) 2980±260 (5) 2520± 250 (5) 1640± 140 (5) fructose was not blocked or inhibited by cycloheximide, whereas protein synthesis, estimated by measuring the incorporation of leucine into total liver protein, was inhibited by 95% (Table 4) .
Secondly, the synthesis of new enzyme protein during an incubation with fructose and acetate should cause an increased rate of fatty acid synthesis from acetate alone in a subsequent incubation. Such was not found to be the case (Table 5) .
The presence of fatty acid-synthesizing enzymes in 1-day-old chicks was unexpected. These enzymes, normally adaptive in adult tissue, must have been synthesized during embryonic life even though rates of lipogenesis are very low. The synthesis of the fatty acid-synthesizing enzymes appears to occur, therefore, in anticipation of subsequent functional requirements.
The effects of fructose and glycerol on fatty acid synthesis in vitro were also studied with liver slices from glucose-fed chicks ( To determine the distribution of radioactivity among individual fatty acids, g.l.c. analyses were performed on the triglyceride and phospholipid+ monoglyceride fractions. In liver slices from three glucose-fed (6h) birds, palmitic acid accounted for 80±7% (mean±s.E.M.) of the triglyceride radioactivity and 62±12% of the phospholipid+ monoglyceride radioactivity. In both fractions the remainder of the radioactivity was found in stearic acid. Palmitic acid has been reported to be the chief product of fatty acid synthesis de novo in chicken liver (Tietz, 1957; Eberhagen, Mrosek, Pfanzelt & Seitz, 1969) .
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